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Introduction
For many pupils an interest in science emerges from a young age and it is the primary school teacher who will make a valuable contribution in laying the basic foundations of knowledge and encouraging pupils to be inquisitive, to experiment and to discover for themselves (Dowling, 2001) . As pupils commence primary school, many display enthusiasm for science even though it is perceived as difficult (Pell and Jarvis, 2001 ).
However, during primary school this initial enthusiasm declines and Murphy and Beggs (2003) summarise some reasons for this trend:
 The nature of the scientific content of the curriculum;  Science teaching being ineffective;  The perception of school science as being difficult;  Parental/social factors.
Over the last 50 years, primary school science has been transformed (Jenkins, 2004) and this could be a key factor for the decline in pupils' positive attitudes. While there are statutory requirements for scientific content stated in the National Curriculum in England and Wales (1989) , teachers will interpret some aspects differently, teaching topics from varying perspectives that relate to their own experience and expertise. Depending on the school and the facilities and equipment available, some pupils will have experienced little or no practical work during their primary years (Braund and Driver, 2002) . The National Curriculum should prepare pupils for their study of science during all of their schooling and beyond:
'School science is a reflection of science in the 'real' world, where scientists learn from each other and extend the boundaries of knowledge by research' (National Curriculum Council, 1989, p. 5) .
'Through science, pupils understand how major scientific ideas contribute to technological change -impacting on industry, business and medicine and improving quality of life. Pupils recognise the cultural significance of science and trace its worldwide development. They learn to question and discuss sciencebased issues that may affect their own lives, the direction of society and the future of the world.' (QCA, 1999, p. 15) The success of this aim will depend on both the teacher and the school. The knowledge and interest of the teacher, in science, will affect how much science is related to everyday life. Within the constraints of a timetable and available facilities these factors could hinder the ability of pupils to experiment freely.
Changes to primary teaching were introduced by the National Literacy and National Numeracy Strategies (1998 and 1999 respectively) . As a result science was commonly timetabled during afternoon teaching sessions (Murphy and Beggs, 2003) when pupils are more tired and concentration spans reduced. Also, Jarvis (1991) states that science is a subject requiring time if pupils are permitted to perform a practical, discuss results and report their findings. These new strategies may have had a negative impact on the teaching of, and pupils' experiences of, science. Recent news reports focus on the unbalanced primary curriculum, which is heavily dominated with numeracy and literacy (Ward, 2009 ) highlighting this as a one of the reasons why the primary curriculum is under review.
With limited time for experiments and science generally, choice of delivery of science by teachers could result in ineffective science teaching.
Within the classroom, pupils enjoy the aspect of 'play' and 'learning through doing'. This can be an advantage in science teaching for example using equipment such as mirrors or magnets (Jarvis, 1991) . However, pupils often prefer activities such as painting and home corner play but dislike to engage in writing, mathematics and science (Pollard et al., 1994 ). Pollard's study also reported that pupils liked curriculum subjects if they found them interesting and fun, and if lessons possessed activities requiring autonomous working.
Pupils have reported liking 'science experiments' more than liking 'science' (West et al., 1997) . Science can be recognised as a more demanding subject than others, however, as pupils get older, they consider science to be less difficult and this has an impact on their enthusiasm: '…as the subject is perceived to be easier, enthusiasm for science declines' (Pell and Jarvis, 2001, p. 857 ). This is not the expected trend and highlights the importance of the element of challenge that some pupils enjoy about science. Older pupils' perception of science as being less challenging might reflect repetition of key topics and concepts, or how well new components of topics are introduced and carried forward.
There has been less research regarding primary school pupils' attitudes, perhaps due to the difficulty of using questionnaires (West et al., 1997) or the perceived difficulties associated with young children and interviewing. Piburn and Baker (1993) report that in the results of the National Assessment, the most positive attitudes towards science were held by nine year olds (1977, 1982 and 1986) . Recent research at secondary schools reports that young people have made their decision not to follow a career in science by the time they choose their General Certificate in Science Education subjects (GCSEs), implying that it is vital for primary teaching to be of a good standard (Jenkins and Nelson, 2005; Lyons, 2006; Barmby et al., 2008) . The action points suggested to address secondary pupils' antipathy toward science, may also be applied to primary, as outlined in the research by Pupils' experiences and environments can also have an impact on a pupil's attitude. This could be related to family beliefs and attitudes (Osborne et al., 1998) or a pupil's peers (Breakwell and Beardsell, 1992) .
The questions to be addressed in this study were: 
Methodology
This practitioner-based study used a pupil paired task and group interview to triangulate the findings of the Yr 2 activity (N=44) and questionnaires and observations were carried out for Yr 6 pupils (N=106 pre; 100 post). The questionnaires and paired task were based on Klopfer's themes (1971) ( Table   I) .
Two primary schools participated in the Yr 6 questionnaires (independent = school A and state = school D) and six schools (ranging from independent/state/special needs) were involved in the Yr 2 paired activity.
This longitudinal study, of an opportunity sample, was used with some caution since variation may occur with the sample of pupils chosen (Cohen and Manion, 1980) .
Yr 2 Study
Initially a Pilot Study was undertaken with a small group of eight pupils (four girls; four boys) and wording of questions modified and additional responses added for the main investigation. From speaking to primary teachers a wordcard activity for each question in Klopfer's theme was created, using pictures and words. The pupils had to choose their response from a selection of faces describing how they might feel (happy/sad/unsure) ( Figure 1 ).
This method was preferred as it was felt that using a questionnaire was unsuitable for this age group due to the difficulty of reading and writing.
Research by Mortimore et al. (1988) used a five point, smiley face scale for Yr 3 pupils investigating children's attitudes to different aspects of school life and this type of method was deemed suitable for this activity. However, since Yr 2 pupils were being used, only three different faces were used due to the responses either agreeing or not to the suggestion and there was a concern that too many face choices would increase the level of difficulty of the task.
The questions that were asked (and the responses the pupils had to choose from), based on Klopfer's themes, were:
1 Which jobs do you think need you to have some knowledge of science for you to be able to do them? (dentist, policeman, nurse, doctor, fireman, banker, lawyer, typist, paramedic, florist) (vet, paramedic, actor, policeman, air pilot/air hostess, doctor, builder, taxi/bus driver, banker, fireman, chef, gardener, school teacher, nurse, lawyer, dentist, florist, musician, typist, mechanic, hair dresser, journalist) The questions were read out to the pupils and in their pair, they had to agree an option, and if they could not agree, they had to select the 'unsure' option. Participants were 57% girls and 43% boys. Choice of the pairs was down to teacher discretion and tended to be mixed ability. During the research I was aware that some of the pupils may not understand the term 'science'
and therefore be either apprehensive or unclear with their responses.
However, the class teachers did try and illustrate what science means before the activity using examples of topics they had studied that year, however, there was still an uncertainty for some pupils.
Interviews were used afterwards to probe deeper into the results and to triangulate the word-card activity findings; they are advantageous when complex ideas are involved (Moser and Kalton, 1977) and more in-depth specific questions need to be asked. However, the number of interviews undertaken was limited due to them being time-consuming exercises (Drever, 1997) .These were semi-structured which took place with six Yr 2 pupils from school A.
Yr 6 Study
A pre and post Test Of Science Related Attitudes (TOSRA) (Ledbetter and Nix, 2002, adapted Fraser, 1981) was used for Yr 6 pupils. Initially the Ledbetter and Nix (2002) questionnaire was used as a Pilot Study (see Appendix 1 questionnaire) using only pupils from school A. For the main study (which this report largely focuses on), the questionnaire was modified to improve language and clarity (questions were rewritten to be in the positive form) (Pell and Jarvis, 2001 ) but also to acquire further information regarding what pupils like at school and how science enjoyment compares to other subjects (see Appendix 2 questionnaire). The responses were ranked using a Likert Scale (strongly agree scored five -strongly disagree scored one); these have been used widely in research and therefore can be used with confidence (Oppenheim, 1992) . Questionnaires are a useful research tool as they enable a large quantity of general information to be collected. However, one major limitation reflects on how the researcher interprets the responses given. For the final study, Cronbach alpha score was obtained using Statistical Package for Social Sciences (SPSS 14.0) which compared all combinations of the data. A score higher than 0.70 is considered reliable (Nunnaly, 1978) . The score for schools A and D was 0.81. The scores are considered highly reliable (Cohen et al., 2007) .
Classroom observations were also undertaken to observe pupil behaviour and their responses to different activities; this enabled the researcher to develop a deeper understanding of how Key Stage 2 science was taught. However, some caution was taken since teachers or pupils may respond differently having an observer within the classroom.
Results: Yr 2
The results from the Yr 2 activity show that already pupils have a good knowledge of scientists and what they do. (see Table II ). They recognised many jobs which were correctly associated with science and the one anomalous result the teacher explained (the typist) was simply because the typist at the school typed up the science notes. There were some jobs, for example lawyers, that pupils were unsure of where to place (see Figure 2 ).
The perhaps 'stereotypical' view of a scientist with grey hair, a beard and glasses was not completely known by the pupils and there were numerous discussions about these factors and how they would depend on the scientist's age for example. This caused much discussion between the pupils and showed that there is a change in the pupils' thinking about what scientists are like and awareness that all people are different.
The results regarding 'being like scientists' in a lesson was most encouraging and pupils have clearly been told why and what they are doing experimentally. One articulate pupil expressed a view that the television would not give up-to-date information for scientists to use and that the Internet and experiments would be more useful (see Figure 3 ). Pupils were keen to be like scientists and to repeat experiments and many wanted to learn new skills through practicals.
Pupils found they did not fully understand what scientists would make or develop, only that they were very clever so complicated things like computers must be made by scientists. This was a difficult question for the pupils and I felt many did not fully understand it. However, it did allow discussions between pupils and they were thinking about why something could be made by scientists or not. This demonstrated that pupils were confused between science, technology and engineering.
Science lessons were very popular and pupils were very enthusiastic.
There were many activities within lessons that pupils clearly enjoyed and looked forward to doing. However, some pupils did not like discussions or writing poems (see Figure 4 ) and these may be viewed more as literacy tasks than science.
The pupils occupy themselves in a variety of after school activities. It is difficult to state whether they were seen as pursuing an interest in science or simply an activity they enjoyed. Variety ranged from Brownies/Beavers to playing computer games or with their friends. Some pupils have considered their future career, but the majority were clearly uncertain. The only scientific job they may consider would be veterinary.
In conclusion, the majority of Yr 2 pupils enjoy science lessons and have a good general understanding of what scientists do and how to be like a scientist. But how do they acquire this knowledge at such a young age? A group discussion/interview was used to triangulate the findings of the wordcard activity and also to gain further knowledge of how the pupils derived their responses. The following key points were made:
 Knowledge gained through reading books, going to visit the doctor/dentist, watching television or from their parents' jobs.
 How scientists look comes from jigsaws, drawn in science lessons, seen pictures, been to see a doctor and they have worn a white coat  Pupils are used to asking questions if they do not know something or if a medicine has not made them well, another one or the same one has been tried again.
 A feeling that scientists are clever so they make complicated things.
Life experiences such as television, books, school, friends and family are the methods that supply knowledge, share interests, develops hobbies to this age group. This age group of pupils appear to have a good knowledge of scientists and a lot of enthusiasm for their school science lessons, however, there was a mixed attitude towards whether they would want to be a scientist or pursue scientific activities in their leisure time.
Results: Yr 6
Bar chart representation confirmed that the attitudes look stable over time since they are similar in both the pre and post tests. This was confirmed by the chi square statistic which showed no difference in attitude was measured in the pre and post test. The means show that the themes which pupils are positive in attitude are: attitude toward scientific inquiry, in the pre test toward adoption of a scientific attitude and in the post test normality of scientists. The standard deviations show that there is a degree of spread in some of the responses for some of the questions. This is especially noticeable in themes six and seven (leisure and career interests in science) (and in the pre test theme five (enjoyment of science lessons)). (see Tables III and IV) For chi square to be significant p < 0.05 and p <0.01 levels, the chi square statistic would have to be 3.84 or 6.63 respectively (1 degree of freedom). For 13 df chi square values would need to be 22.36 or 27.68 (p<0.05 and p<0.01 respectively) (see Table V for chi square results for each of Klopfer's themes). The null hypothesis 'there is no difference in attitude as measured in the pre and post test' is therefore accepted and this showed that there is no change in attitude between the two tests.
Analysis of the pre and post TOSRA data and gender issues showed some patterns. In Yr 6, it was the girls, when comparing the mean values in each of the seven themes, who had more of them that were higher than the boys mean values in the seven themes. These results confirm that the pupils' attitudes in Yr 6 are fixed before the beginning of the year as they do not change throughout the year.
To gain more insight into pupils' attitudes, additional ranking questions were added to the questionnaire. Favourite subject and science varies from one school to the next. The most useful information was that regarding what pupils like to do in lessons (see Figure 6 ).
One of the main influences on young primary school children is their teacher and a simple questionnaire was designed, following the main study involving the pupils, to probe deeper into how teachers feel about teaching science compared to which subject they were trained in to teach (see Appendix 3 ). From the questionnaire findings, all of the teachers who participated from the six schools (opportunistic sample) showed a positive enjoyment of teaching science, regardless of whether they were trained in it or not. Science being a core subject in the National Curriculum since 1989 had many primary school teachers attend INSET training in science teaching. This was due to the DES (1985) stating that many primary school teachers had a poor scientific knowledge base (Pell and Jarvis, 2001 ). However, this was not apparent in the schools that participated; the teachers enjoyed teaching science and felt confident to do so. Teachers need to be confident to allow pupils to explore and to sometimes admit they do not know an answer (Jarvis, 1991) . Science is a subject that can be explored and enjoyed by all that are involved due to its changing nature:
'Science is exciting for teachers and pupils alike' (Jarvis, 1991, p.5) . Pollard et al. (1994) also showed that:
'…teachers' moral and personal commitment to the education of young children remained strong, despite the pressures on them' (p.
236).
This is echoed in the results of this questionnaire and certainly showed that teachers were committed to teaching science well.
The lesson observations showed that pupils in Yr 6 appeared to enjoy the activities undertaken in lessons and they asked inquisitive and deep questions. The level of work completed by the pupils was impressive and the pupils enjoyed using the science laboratory facility. The teachers used practicals wherever possible and pupils liked the Interactive Whiteboard used.
The results from this study show that younger pupils have an abundance of enthusiasm towards science. The older primary school pupils show they are positive toward some of Klopfer's themes, however, their enjoyment and leisure/career interest is not as convincing. The question of when exactly do pupils' attitudes change, is not exactly known but it appears to be between Yrs 2 and 6.
Conclusion and Discussion
This study has shown that pupils' attitudes towards science are mainly set at an early age in primary school. This emphasises the importance of science and its place in the primary curriculum, and highlights the need for urgent attention to readdress primary science if teachers are to motivate more pupils to follow scientific careers in the future. The Yr 2 pupils' enthusiasm for their science lessons diminishes as they proceed through primary school meaning that some pupils reach secondary school feeling hostile towards science. The results for pupils in Yr 6 showed that, for the majority of pupils, attitudes towards science are already fixed. This study supports the findings of Ormerod and Duckworth (1975) , that primary ages are critical for a child's formation of a positive attitude towards science.
The results from this study also concur with Stables (1990) in that younger pupils demonstrate a more positive attitude towards school science than older pupils. This is also consistent with findings from Choppin (1974), Hadden and Johnstone (1983) and Kelly (1986) . Murphy and Beggs (2003) also echoed this finding:
'..most of the older children (10/11years) had significantly less positive attitudes than younger ones (8/9years) towards science enjoyment, even though the older children were more confident about their ability to do science' (p. 113).
Some suggested reasons why older pupils' attitudes are less positive than younger pupils by Murphy and Beggs (2003) are:
 Lack of experimental work;
 Repetition of topics;
 Focus on national tests in lessons;
 Inappropriate science curriculum content.
It is these points that need to be considered when reviewing the primary curriculum.
Encouragingly, teachers who participated in the research are emphatic in their support of science teaching. In order to enhance pupils' attitudes towards science, this work suggests promoting everyday experiences of science and would encourage parents, teachers and the media to work together to promote and excite pupils about science.
Other research concurs with this study's results and earlier work points towards some suggestions for further work to be undertaken. For example, data reported from Hadden and Johnstone (1983) showed that pupils' attitudes showed no improvement from the age of nine so research of this age group and younger is required. It is, therefore, not surprising that pupils display a negative attitude towards secondary science (Barmby et al., 2008; Owen et al., 2008) ; pupils' attitudes are fixed during primary school and therefore intervention needs to take place within the primary classroom. If we genuinely believe to have the need for more scientists and science-related careers, attention to pupils' attitudes in the primary school is imperative.
The necessity for primary teachers to encourage and nurture pupils in their science learning could be assisted by creative planning and teaching. Pollard et al. (1994) 
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